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FPGASs in the news (od=
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May 29,2018

Intel Delivers Xeon Scalable Processor 6138P with Arria

10 GX 1150 FPGA
Ratchets Up FPGAs in Data Center

by Kevin Morris

News & Analysis

Microsoft Eyes Expanding FPGA
Role

Network chips not keeping pace

Nimbix Teams with Xilinx to Xilinx Powers Huawei
Expand FPGA-Based Workload FPCA Accelerated Cloud
Acceleration in the Cloud Server

Baidu Deploys Xilinx FPGAs in New Public Cloud
Acceleration Services
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Market size for Reconfigurable Computing in the (&=
Cloud inaccel

®

> The market for FPGA is expected to grow at the é

highest CAGR during the forecast period owing to
the increasing adoption of FPGAs for the acceleration
of enterprise workloads.

> The data center accelerator market is expected to
reach USD 21.19 billion by 2023 from USD 2.84 billion
by 2018, at a CAGR of 49.47% from 2018 to 2023.

D

[Source: Data Center Accelerator Market by Processor Type (CPU, GPU, FPGA, ASIC)- Global Forecast
to 2023, Research and Markets]
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Artificial-intelligence hardware: New
opportunities for semiconductor companies

Data-center architecture, %

B asic' ) crPu: i FrGa: ] GPU* I Other

Inference Training
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Edge architecture, %

Inferance Training

2017 2025 2017 2025 207 2025 2017 2025
TApplication-specific integrated circuit.
“Gentral processing unit.
*Field programmable gate array.
*Graphics-processing unit.
McKinsey&Company | Source: Expert interviews; McKinsey analysis
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Souce: https://www.mckinsey.com/industries/semiconductors/our-insights/artificial-intelligence-hardware-new-opportunities-tor-semiconductor-companies.
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FPGA GPU ASIC

Example use-case analysis of importance
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Financial risk
stratification

Route planning and
optimization

Dynamic
pricing .

Autonomous
driving

Small size;
form factor

Technical
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Low cost of
development
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Inference

CPU
ASIC

CPU
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CPU
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CFU
ASIC

GPU
ASIC
FPGA

Souce: https://lwww.mckinsey.com/industries/semiconductors/our-insights/artificial-intelligence-hardware-new-opportunities-for-semiconductor-companies.
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Why acceleration (@d=
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> 91% of Spark users for Big Data analytics care about Performance

% OF RESPONDENTS WHO CONSIDERED THE FEATURE
VERY IMPORTANT

More than one feature could be selectad,

5 l%r

REAL-TIME
STREAMING

76%

EASE OF
PROGRAMMING

PERFORMANCE

g

ADVANCED
ANALYTICS

Source: Databricks, Apache Spark Survey 2016, Report
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Acceleration for machine learning

APACHE&F

inaccel offers Spr

Accelerators-as-a-
Service for Apache

‘:-)
Spark in the cloud L%ﬂ'
(e.g. Amazon AWS f1)
using FPGAs

ADVANCED ANALYTICS USERS (MLLIB)
IN PRODUCTION

0 2015 2016
+38% = m

www.inaccel.com
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Apache Spark (od=
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> Spark is the most widely used
framework for Data Analytics

> Develop hardware components as Spark MLIib
IP cores for widely used Streamingl| (machine
applications iearning}
>>Spark _
— Logistic regression
- K-means
— Linear regression
- PageRank

— Graph computing

www.inaccel.com
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FPGA in the cloud — the AWS model (od=
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> Amazon EC F1’s Xilinx FPGA Qet,“l,%?e'l

AWS MARKETPLACE

H A H DWAR E CU STU M AMAED N Associale yowur
DEVELOPMENT KIT LOGIC FPGA IMAGE (AFI) > @F AF! with an AMI

.............

gna offar on the

O 0O AWS Markefplace

0onno

i i FBe " E : ttach L
Wirita viouw .':'\_rﬂ. ch'e FRegister compiled e D O @ 1 Attach your Aft 1o
with the FPGA Hardwara Aftach your AFT fo C = an FI1 Instance

N cod'e a8 Amazaon
y P TP e T i N ] .

Deveropment ff and FPGA Image [AF) an 1 Instance

FRGEA Developer AN oo

F1 INSTANCE

www.inaccel.com



http://www.inaccel.com/

Cloud Marketplace: available now (od=
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Customers

= v aws marketplace

({E\})-— FPGA-Accelerated ML Suite for Distributed

inaccel systems

By: InAccel Latest Version: 0.1
FPGA-Accelerated ML suite for Apache Spark

Typical Total Price

(ed=

™ $3.650/hr Linux/Unix
inaccel rarm e |
@ Scalable to worldwide
market
InAccel
Products

. \2 First to provide
accelerators for Spark

Deployment via Marketplace

www.inaccel.com
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InAccel integrated framework
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Supported APIs

Zero-code changes
> C/C++

> Scala

> Python

> Java

> Apache Spark

www.inaccel.com
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Accelerators for Spark ML in Amazon AWS In 3 step

-

SEETKE

D‘

\_

\=/awsmarketplace
(I (T 1.Create an f1
Q[ . Instance using
LW E  InAccel’s Image
(AMI)
‘ lmaccel

2.Import InAccel API
3.Run your applications
on AWS f1 to get 3x —

20x speedup («-7\

f1 (8

cores+FPGA)

~

/

www.inaccel.com
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IP cores available in Amazon AWS (od=
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Logistic Regression K-mean clustering Recommendation
Engines (ALS)
X

Gradient Descent K-means is one of the Alternative-Least-Square IP
IP block for faster simplest unsupervised core for the acceleration of
training of machine learning algorithms that recommendation engines
learning solve the well known based on collaborative
algorithms. clustering problem. filtering.

Available in Amazon AWS marketplace for free trial: www.inaccel.com

www.inaccel.com
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Communication with Host in Amazon AWS

Host

Global Memory

DDR BankD

DDR B-Elﬂk3

512 bits
@ 300 MHz

512 bits
@ 300 MHz

weights / chunk
data  centroids Size

256 256

I(ernelu

256 & gradients /

count_sums

weights / chunk
data  centroids Size

256 256

Kernela

256 i gradients /

count_sums

Accelerators for logistic regression/kmeans
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Current Framework for FPGAs on the cloud ig@;}‘c);_el

Limitations ¢
G ;‘—T% EScala @ puthon

‘ Java socket

Vendor drivers

> Currently only one application can
talk to each FPGA accelerator

> Every application can talk to a single
FPGA.

> Different architecture if you need to
talk to multiple FPGAs [-

Single FPGA

www.inaccel.com
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InAccel’s Coral FPGA Manager (od=
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: . R I
High-level abstraction layer to utilize and Spark ot #7enr

S,
manage an FPGA cluster 8 ;. 8SScala @ pyihon

Java socket I

> Resource Management

>> Automatic configuration and management of the
FPGA bitstreams and memory InAccel FPGA Manager

(od=
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> Scheduling

>> Automatic serialization and scheduling of the tasks

send to the FPGA cluster [- . . . . -]

>> Scale-up to f1.x2, f1.x4, f1.x16 automatic

>> Automatic serialization from multiple applications

www.inaccel.com
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FPGA Manager features

Ease of Use

> Write applications quickly in Java, Scala
and Python.
InAccel offers all the required high-level
functions that make it easy to build and
accelerate parallel apps. No need to modify
your application to use an unfamiliar parallel
programming language (like OpenCL)

Sporf(z %ﬁ- ¥ Tensor

s,
@ = ®Scala @ python

www.inaccel.com
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.S'pC)l'tl'(\Z M ¥ Tensor

¢
G ,jf,% EScala @ puthon

Java socket I

(od=

InAccel FPGA Manager .
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FPGA Manager features (od=
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.S'pC)l'tl'(\Z M ¥ Tensor

Runs Anywhere ¢
G ,jf,% EScala @ puthon

> Runs on any FPGA platform (Xilinx, Intel),

giving you the freedom to take full advantage

Java socket I

of on-premises, or public Cloud (AWS,
Alibaba, Nimbix, etc.) infrastructure.

(od=

InAccel FPGA Manager inaccel

aws )
- Alibaba Cloud [- 111 -]
U200 N I M B Ix FPGA Cluster

supercomputing made super human™

On-premise

www.inaccel.com
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FPGA Manager features

Resource Management

> Automatic resource configuration and
task scheduling across entire FPGA
clusters in private datacenters or public
cloud environments.
Coral examines the state of the FPGAs and
Implements load-balancing policies across
them, efficiently taking care of all the required
device configurations and memory transfers.

Privacy / Isolation

> Coral allows the secure sharing of the
hardware resources among different
users and multiple processes or threads.
First class isolation support for accelerator
cores and FPGA memory.

www.inaccel.com
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InAccel’s Run-time Engine

> Runtime engine that allows

> Scale Up (1, 2, or 8 FPGAs instantly)

>> Scale Out (using Spark API)
>> Seamless integration

>> Docker-based deployment

AAAAAA

Driver Program

SparkContext

(od=
inaccel
interface

t

Cluster Manager

F

!

!
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Worker node (f1)

8y=_
inaccel &

RTE & Man.

FPGA RTE

Executor

Worker node (f1)

Executor

Task

o &
Task inaccel
RTE & Man.
Task
FPGA RTE

Task

FPGA cluster

FPGA cluster
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FPGA Manager API (@d=
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Memory Calls SharedByteMatrix byte
> To make things easier we have incorporated a SharedDoubleMatrix double

new SharedMatrix class that is basically backed up
by a Java ByteBuffer.

SharedFloatMatrix float

SharedIntMatrx int

Request Calls

> Request calls are responsible for sending new tasks
to the FPGA manager. All the requests are static

methods of InAccel class. Gradients32 Logistic Regression
Centroids32 KMeans
Black-Scholes Black-Scholes

www.inaccel.com
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FPGA Manager deployment (ed=
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> Easy deployment through dockers

> https://hub.docker.com/u/inaccel/ .(@})-;I cccccc
> Price for 31 parties: $0.5/hour/node Inacce
> Free evaluation / limited features inaccel

od=
inaccel
FPGA Manager dOCer

www.inaccel.com

BT  Easy deployment
. == ° Easy scalability
« Easy integration
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Docker-based im

Spa

Driver Program

SparkContext

God=
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interface

4

Cluster Manager

A

!

!

Worker node (f1) Worker node (f1)
(’\5‘ Executor ((\5' Executor
inaccel ‘ Task inaccel ‘ Task

RTE RTE

Task Task
Xilinx RTE 2 Xilinx RTE 2
FPGA FPGA

nlementation for easy integration  (@>=

inaccel

> |naccel's FPGA manager docker container
comprises both an FPGA manager to schedule,
orchestrate, and monitor the execution of the
accelerated applications but also the required
FPGA runtime system.

> The dockerized runtime system detects the
FPGA platform (aws F1) and manages the
Interaction/communication with the FPGA (i.e.,
loading the accelerator, transferring input data
and results), making it transparent to the
application.

> Docker swarm, Kubernetes, naive execution

www.inaccel.com
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Cluster mode

> Cluster
mode

Bi=
inaccel

IP Library

/i Driver (sparkContext)
Worker Worker Worker ) ”ACHEJ\Z
spark
- )
== | n

\

)

Gad=
inaccel *

&>

(ad= Ged=
inaccel *

Docker Runtime
& FPGA Manager

/

\
FPGA accelerated
FPGA FPGA Infrastructure
J

www.inaccel.com
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Speedup comparison

> Up to 10x speedup compared to 32 cores based on f1.x2
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1

InAccel

10.2x
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4x fl.x2large (32 cores)

4x f1.x2large

(32cores+InAccel)
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> Up to 12x speedup compared to 64 cores on f1.x16

Speedup of f1.x16 with 8 InAccel
FPGA kernels

T o

\1WAYelol]
MLAccel
MLAcce
MLAccel

MLAccel 1.00
MLAccel —————

MLAcce f1.16xlarge (sw) f1.16xlarge (hw)

fl.x16large (SW) f1.x16large (SW + 8 InAccel cores)

Tl
Ny,

i

NCTTI

(@))]
D

cores 4 cores + 8 FPGAs with InAccel

g

www.inaccel.com
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' (o=
Speedup comparison cox=

> 3X Speedup compared to r4

> 2X lower OpEX

Cluster of 4 r4 (SW) Cluster of 4 f1 (SW + InAccel)

Speedup comparison normalized on cost

e N ™
(. ] ) ) (. (] ) ) for a cluster of 4 nodes ($2/hour/node)
1§ mL ] ] ML 3.18
88 - ] JAccel
ae 8
o\l AN J
) (o )
/illl 3 280 1.00
S0 B0
ae 8
) ) U N\ J
r4 (32 cores each — f1.x2large f1x2large cluster of 4 r4 cluster of 4 f1.x2

128 cores total)

www.inaccel.com



http://www.inaccel.com/

Performance evaluation (od=
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Execution time for Logistic
Regression (seconds)
(MNIST 24GB, 500 iterations)

r5.x12 (48 cores) ||

InAccel (f1.x2) I

0 500 1000 1500 2000 2500 3000 3500 4000 . i
Execution time for K-Means (seconds)

m Dataload ™ Conversion/transfer ® Machine learning (M NIST 24GB. 500 iterations)

r5.x12 (48 cores) W

InAccel (f1.x2) t I
(0)

m Dataload m Conversion/transfer Machine learning
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Demo on Amazon AWS (o=
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(o=
Intel 36 cores Xeon on Amazon AWS 8 cores + inaccel
c4.8xlarge $1.592/hour In Amazon AWS FPGA

fl.2xlarge $1.65/hour + inaccel

www.inaccel.com
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Cost reduction

> Up to 3x lower cost to train your ML model

TCO (Cost for running MNIST 24GB)

K-means clustering

Logistic regression

0.5 1 1.5 P

™ r5.x12 InAccel (f1x2)

www.inaccel.com
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Simple integration (od=
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FPGA-Accelerated ML Suite Continue to St
({E}B — By: InAccel Latest Version: 1 ‘

Savetol
n a cce I FPGA-Accelerated ML Suite compatible with Apache Spark ML
I Typical Total

Linux,/Unix (0) $3.150,

Total pricing per instam
hosted on f1.2xlarge in
Virginia). View Details

Overview Pricing Usage Support

Product Overview

InAccel FPGA-Accelerated ML (AML) suite provides a set of hardware accelerators
for Amazon EC2 F1 instances. It is shipped as a fully integrated AMI/AFI bundle
that can be used to accelerate the most popular machine learning technigues.
InAccel's novel FPGA manager/runtime Docker container handles all the available » Compatible with Apache Spark ML library
FPGA hardware resources allowing the flawless scalability to multiple FPGAs.

Highlights

* Up to 12x speedup compared to SW-only execution

The current version allows the acceleration of Logistic Regression and K-Means = Easy deployment through Docker containers

> InAccel OFF: S spark-submit [ arguments ]

> InAccel ON: S spark-submit --inaccel [ arguments ]

www.inaccel.com
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InAccel unigue Advantages (od=
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Compatible with Amazon AWS Seamless integration with your code Acceleration of your code
All accelerators are compatible with the InAccel provides all the required APIs for the Accelerators from InAccel provide up to 2x-
Amazon AWS F1 instances. AWS seamless integration of the accelerators 10x speedup compared to contemporary
compatibility allows easy and fast without any modifications on your original processors in typical servers.

deployment of the accelerators and code.
seamless integration with your current AWS

applications.

£ XILNX QWS pertner g

ALLIANCE PROGRAW N network awsmarketplace

www.inaccel.com
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0\ 3x-10x Speedup

iﬂ 2x Lower Cost

Zero code changes

helps companies speedup
their applications

by providing ready-to-use
accelerators-as-a-service in
the cloud

i

www.inaccel.com
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